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mn^ntzm^^^mi^t^-r^m i outturn 

mfEm«glW£¥#ft«(r?&3lg2(DgW££, BU 

HtrfB^ 2 <Dtimm\ztgimt.ik<DMkMm* mrEttgc©* 20 

I^StSIgt. 
[fflfjfcJR3] BuE;f£i9X*I«. «ME* 1 

[3**314] jfflE^t&Xflte. HUES! 1 CDgim<Z)¥a» 

30 

LUMPS 5] **©tt««H«t«E«ft©|fclMH«MK 

mfE^ 1 »gpM»Hf)E«g:c7)*fei»M«Rt/HflE«^[»* 

<h MEffS 2 © SB » <fc * li 0 &to-ti: * II t. . 
WEtBl©«««KlWE¥#ff)i*»«:"rsxei:. * 
*-ra*#flsa5»<o«ift*ffi. 40 

R&t5nfc«*©*wMR«£*w-r*a5 1 ©awttffl 
ftfrE^ 1 ©«#©we*»©tt*«*fttmK«ft©¥ 

fc. WE*10BMtt*#ft:»*:T***2 0»»i:* 
B£D£-to-t*£Xg£, 

HffE?& 1 Qtfttff CMC* 2 ©BUWO^^ffSfrO-a 
[«*JS7] liflE&iSXgte, ME35 2 (DgPW^HtfE 50 



Ttctatt b ntzftmmx'ftm-r s - 1 -??Tton 

M^nt^S C t€:!Nriai:TS»*« 2 5 
#S#rti:RW 6nfc»*UBTiMK-r * ^ tTff tons 

auxm 6 (cE««^#^gi5M©Sjfi^)*. 

i o j mmm$k<Dmmmt&tmmm®;<»¥m 

®j*sn*^t*«rafr*ii*JSi -9co^-rn^i 

<hT»jssn*;:.fc*4*«£t-sfi3jiJHi - 
i 2 ] niseis i-ii ©urna* 1 scm 
[»*jai3] tf$«2. 4> 5. 6-nonrn 

iuE*#^ffi^©iex(cfe@Ts, mm^m&miz&if 
zmmxi*ffisi¥mfrmi*v>~mz&tt2,mmz* *m 

MT&lt 1 4 ] iftE¥ag#lalg&te, ftfflto> 6 Wjgm 

m, Mmztt^&&mm&x&%z\tz%fWLii-tz>m 

#m 1 3 {~E«©**#S«„ 
[»*115] mfE¥##l§]&te. *«*»S©iWt- 

E«©¥®frg8. 

BE. il*8i»::*fr*fii«l]l&£. SBEE^WMf^tT 
*S£ <h^#m<i:-rsW*«l 3 tcE«©###:Sg. 

[XHofwi&Miii] 

[0 0 0 1] 
[0 0 0 2] 

[fi£*©fiWI5] SOI (Semiconductor On Insulator) 

iMbT^S. Ml OliSO I fi«©$jfi£5Vr#rB 
BT*5. El 1 0 IC&^T. 10 1 1 0 

2 ttf&RJi ,10 3 fSttlf 
[0 0 0 3] 01 ltt±ESO l£«±KMOS h-7> 
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BfS.^tltzi,(DlZit^ MOS h^>> J X^ 1 0 4<7)V 

• Ki/-r> (s, d) jsffi«qefbfit«<oifeR* i o 

[0 0 0 4] 

nr. s o i hs±«)mo s h 7 >y x^tto r+> 

^ftS^ftStTLSo. ESD (Electrosta 

tic Discharge) *f?Kffl<a«»[5]&£#;t 

«t*s<aoTisv>. nwtctoTaiKft^u 20 
■i vmmzuz>. tv»-5«W38«*ofc. 

[0 0 0 5] 

Slgi. mffESgl<^#£¥##Sfl^£> ; £m2»gB 

&nm\zfa^-?2>&mmm&ifint>n2>& *> t-ads 0 &t> 

tSIfit, «fE*2©a5«flllK#fett«c«)l|i6«MS*i: 
[0 0 0 6] Sfc*3fiWO*S»#:a5«0«i6*jfett. * 

k. *»©iii^«ttt^*©ifiisMR«iBit'aa:tt&njt 

1«fC<©^»#:M®<i:?:Wr ; 5^ 1 COgM*£ffl:»T£I*i 

[0 0 0 7] $fc*56lJll<&¥ll«*»«©»iS:frfttt. 

S ft* J: "3 flfflB^ 1 WSPWi: wrfS^ 
2©«#,l:SS6B&fcrt**:ag<t. WCtS 1 OSBWflUc 



[0 0 0 8] *fc#«W©¥*fc»#©«ift#aitt. « 

t*WT*JBl©ff»*ffl*'r-& IS t. ffl 

&mmwM\z&w^2>&i§mm»tiim*>tiz>£*> k, 
^tsigi, wimmiv>&ttMiziiiimm2<DBm<?) 

-5. 

[0 0 0 9] *«»Jli©¥#(*:»«tt*»9i©aBift#fljK 
«fc0«i&Sftfc*>©T?&*. 
[0 0 10] #B"»©¥»#g«tt*«lJII©¥#<*»*f 

[0 0 1 1] 

MtUB] *f§Wtt. H 9 K*-T«fc 5 K*«6ii*«ftBt* 
9 2 fBHchgP^&ffcll 9 4 iTi&»##^* 
9 1^^<f#«:7'f7>HI9 

[0 0 12] ^-tl(C<i;oT0 8(C^-rj;-5lCMOS h> 
>vX**5=fctf E S D»JRffl©«B||gK4»BR-r*IK. 

©f#ft7l , 7>H««#< Z>£?lzm i ¥-$:Mf$.-fZ>Z. 

[0 0 13] — PCttHH >Wift«#T5! 
^Lfc^SJ*^ U7ttMOSOft*;H5*C*Sr3T 
fuA^¥S*7'f7'f h^I^TTiSI8 uzm-t 

7iS»*. iftt'SO I ±©MOS h^^X^^tf) 

* mum*- * n t #-c * * . 

[0 0 14] r^l:ttESD»«fflO«t^'ft 
[0 0 15] 

[0016] HI 1 te*5£0jcr) S O I S*ROfP«*ft<OI 
[0 0 17] $fHl (a) fcjRTJ:3fc, 2#<Z>»« 
m. 1 3 ©Ti-BIB 1 5 Al\Z SOI ©SttlBKfcfc* S i H 

^©^as&jf i 6 *«*t. ■€-o±f:*e«Rfcffla-r*>' 

'J a >g?{LB£i 1 7 5r««-r-5o 

[0 0 18] SO I SlSOS'ltJf T££S i H^Xtf* 
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«£fcise>-r, ^iAH±s»flji«oi6«i^uT 

{0 0 19] ¥W#*#±i::#«i£:frLT¥aMWI£ 
Kxtf**^;«g£tt3?m #JLK«cd^H^tK 10 

[0020] *i:hi (b) izafrlzStz* 7*hvx 

?ll^ffl^F71l7f>7U tlTil (C) 

KiR-Ti^K. Si0 2 cD#£L&t^###:®#gWL 
fcRiTMOffi« 1 8 Sfls*. 20 
[0 0 2 1] *KB1 (d) (ZmT£olZ. 7* 
2 1 1 SrHtefcLfcl*. 4*##iBa«mbfciJTS©«*l 
8C. aS?XfcT^*->v;i'*ffr3T. SI (e) £><fc? 
*Ii;^*ytil'Sill2Wt^ coasixtf 

JIO^SJl^, 1 0 0 0 t JJ(._hCDit!iJmLt:i L 

T. 1 1 0 0"C, SJET. H 2 #X 15 0(1 /m i 
n) , HC 1 #X (400sccm) . hU?Dny7 
>S i HC 1 mm 3 6. 2 (g/m in) . T3 0 30 

y/7> (S i 2 H 6 ) ilfcttS i H 4 JMM^/XlCl/ 

fc. S i H 2 C 1 2 /H 2 3RSttfflLTjiWj«ft$-tt*3: 

[0 0 2 2] d^LTSO I»«C0Kft)» (£*■) {3 

[0 0 2 3] otffc£©«fc3&Sftxif^->-\-.H,K:J:- 
*Si««12(i, If 75 y K!gOJiRfi*-r*fc*. * 40 
J&S&ttHl (e) CDJ;3tC, S i 0 2 @<hO*®¥fi 
tt©I^77t7h (Facet) rttigft*. Z.(DrzSt>. ftfe 

SS?W«*fTV». 01 

(f) ©«fc -5 t*ffi¥Stt*±tfSd en«. 

[0 0 2 4] «KW*Ktn>Ttt«*&;*ifoJ<rTKS 

V»fcO. CMP «t*IM*W#UyS/>y) £fr?, fc 



1 7 £»ftO¥$tt«(tt£&« SiMtl2 OfiBtfLan 

-So 

[0 0 2 5] -t-o», HI (g) tc^$n-5=c^(-. a 

4K1 3<OTffift®i:!>XA^<Dffi©S1Sl 4 cr>*;f£® ,1: 
«ji#:*^ilgT^gt-rs^<hT. 01 (h) tc^an 

5<t7i:. ski 4ffii:f$^ii 6 h -> u n >mtm 

[0 0 2 6] fc*. »«UBfc«fcS»IBO^j£tt^»iJ-r* 

let 9. *li«ii#rtaH;:#*©fc©x*;i^-£$E£ 
£*-f ^>^£fgi»^x/\wf>iT^<D^£cofeB 

lift**, #JB»ii#rt»K4MiOfc«)©x^;u*-*55 
[0 0 2 7] feo— -3tt. iMl©*©!^^— «r^» 

mmLxmm-r^m. &mmm.&<nmmtzi£/vm?)& 
*H*»&*«-r*;frtefc<t:-e<6*. 

[0 0 2 8] SSfcHil/TfWSnfcSO l£#Lh£ 
MOS b7>zS7.5> J $>Um\B\i&$:i¥giVT^<mz. v 

£NltU *rtl&&m±.frZ I R7J^7lr^EX^--rS 

lit. hajros io 2 ts io»**««t*ci 
;MS»*t\ ESD«ey-f^--H©iaT(cs i<h«i 2 
[0029] -fi(»mmz%Mm 

15, »I16, fMSE^Wl, fdl7j© 

mmz^m-fcm 1 e <h^s^is« 1 2 ^aa-rs^^ 
Mi&v. mj;<»&mzftMM£¥mftm&Bf$. l , k- 
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[0 0 3 OJ 

immm] ur, *mw<Dnmmz-o<,>xmm&m^x 

[0031] mmm i ] ^mmmwrn i oftsifi 
&&mz£nmmzMi8. isfc&^<Dmmiz&£>n&m*: 

2 <Dmm&*m»mmz&w>-rzjj&$:m*x*&mz: 
mmurzm&owz&z. io 

[0 0 3 2] Sf^WCRWtftioT. #jSiS#J 
Kffl«r»a±E*tefcr3tiT. 02 (a) ~ (f) Sffin 
TtfcBJ 

[0 0 3 3] £^0 2 (a) \Z*k-t£?\Z. mi<D/Vl 
ffIA2 0 Jbfc*?L*S i |2 1 £0fi)tU -e-OJitC 
ffittJBt&SXfcf^S'^S i «2 2 £/«fi 
S5t:B2 (b) KiSTJ^K, JRHftftLTS'U 3 
ftS2 4$M^tti. 02 (c) (c^-r/N>h*;^v7 
IA2 3^LTB2 (d) K*T*IB«ifift:*fP« 

5e.tC^?L««rtSfc«^dFLKB 1 i:^x/\2 Ot 20 

Z.<Db.%/\> F)lOX.J\2 3 ffi'JtCte^U 3>f{ti2 4 
tI^-/tJl'Sii2 2ATOtl5. 02 (e) 
t'^-Tct^iC, xtf^ + ^-^Jl/S i 12 2Jtt^«$tl 

y^KJ;9l&±U 02 (f) K^TSO I ffl££f# 

[0 0 3 4] MIS iitJltf^ + yt;H© 

JH*H©ttfl:Bt*|!S^-rsci:-e, iMHSCi-^T 30 

[0 0 3 5] M«S i *ie^*yr;i/S i fCMl 
TS^M{CX->^>y-r-5»C{JHF + H 2 O z «£ffl«r> 

[0036] jifHw^ffitt, mmmfflw- 5-2 

1 3 3 S^Mtff L<as^6ntt>4*t. CiTtt- 
0"J£LT, PSI«:2 0SMKfkL..i|i|Sli*xe 
^*S^1r;i'J««**T*»{MSflE*fia*ttK^HT, 40 
0 2 (a) ~ (f) SfflHTS6CW«U=UtTC«Wr 
■5. 

[0 0 3 7] ST. 02 (a) K»-rJ:3»r, PSS i 

TLStS i JB2 1 Sr^fiKTS. 
[0 0 3 8] *l;I2 (b) CaRTi-Str. M^CD{gM 

XK^*">YJH««*fflr». II#^I2 2 5ffilc1- 
•5. PS!S i#i(gM«:2 0lt HFM^^fcHI 
<tJ«S(C«fcoT. ^?LK<t:^it^o dOMSS iI2 50 



ltt. i&t$as i 0&K2. 3 3g/cm 3 (Ctfc^T. 
?:<Di&m$:HFmmmm&5 0~2 OXt^ftS-arSn 
tT, ^Sl. 1~0. 6 g/cm 3 <Z>$SHt'^ft£-t»- 

-s^i^-e^^. $e>jc^-©«®{cg?ftS2 4^jg^-r 

[0 0 3 9] Jfcl»T, 02 (c) {r^-rjc^fC. *>p — 
OCOS i*&2 3£ffligUT, iSft2 3t. i 

2 (b) ©#7LKS iS*2 lifcJMSftS i«2 2, 
BtffcJ12 4i)Wf&2tlX^Z>S iSfrtSr. 02 (d) 

w=k 3 teas o 3bt^:x2rmmm.w*ftWTz>. 

[0 0 4 0] Z\<D'&\Z. 02 (e) lZ*k-?£oiZ. £7L 
SSii2 1 ££gBX-y^>m*:m#?LKS i«2 
lT##JLfcgB£ofc#?l«S 1/12 l£X-y^>^|& 
iUT. Si0 2 ■■2 4±C*BMtbfcm»«->U3> 

I2 2^s^tt«t5, ictii ^nn^mwm 
\zm<mwzffi.?z\£u < ^jin^m^m^^y * >v 

^Ttl.. u©*St:<tn(l «M»#)T*-5^tS 1JB 
2 4±K|iatt^>"Ja>^x/N4:W«!«:**S»s i !■ 
2 2*5. ¥1!:. L^fei^— K*BWtsnx. Ox.;\± 

mz. ±wmzBf$.znz>. ^5LT»eftfc¥»*i 

[0 0 4 1] ^?L«*##»{*:±»tJE5j«-rS**?L«¥ 
9$?i;U< tt2 0 MmUtTtT-S©^a*LH. 

[0042] *^?LK¥#^¥«sat^»tt*rf5i- 

[0 0 4 3] *6*tt*msffi*W-r-5£fr.hi;:Hi o s.^ 
* MtR W x y ^ > ^-r § x -y ^ r > h t L 

[0 0 4 4] &J^^fc<D##MftW;:flI^S. ^?LK 

wet zumx ^nzm^ttUffiMoso i s 

«Wf^©^Sr01 (a) ~ (h) $fflHTiSiWT-5. 

[0 0 4 5] 01 (a) JC^-Ti^C ^1«A* 

Jl't7<JX./\ 1 3 Ji!'^3LKS ill 5 ?:^^L» ^OJi 
lcS14®i^^xe^ + ^^;us ill 6^fiRSS-ti- 
T. &SEftKcfcD->'J:3>®ft:]8ll 7^ni:C5 

[0046] •Mz±mvtzmmmmxm^tz(Dtmm<D 
?j&x\ — ®tc*^— izmi&znx^&s i o 2 tr*fL, 
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Ell (b) \Zm-£tlZ>&o\Z7* hvxi7 1 1 &m^T 

-Ktg^Tfe^ct^asb^. 01 <c) i:s§ns 

cfc^lC. H^<X-y^>i/tCj;0 S i 0 2 CD^SEL&lA 
fiffl««18^0, 01 (d) lc^$n^d;5tC7 

;i/fiEft^froT. 0 1 (e) Oi^&ltf^+ytJl'S 
iI«12?:Mt5. ^IT, 01 (f) ©ct-5i'S 

KW**froT*iB¥Stt£?t#bfc«. 0i (g) (' io 

[0 0 4 7] ij^HT. 0 1 (h) J^-T^OfC. iSS© 
ftSO^^-ttJC^^SO I «^M*i*{cd;0, #71SCS i 

s so i mm&mz>ziLtf-?z 

[0048] 77-f ^>h^ia-icot,iT«, rnmmm 

[0049] so i *tl3 

(a) ©«fc5»::. pffl3 1 ©_kt'#ILKJ13 2 

*Ci3 (b) tC^-Tck^fC^ ?Xy77-f ;* > 

2JCIHI««3 3*»frtS. 

[0 0 5 0] ^fC0 3 (c) (r^"Tct^{3, ^-7LKW3 
21ICS i »3 4^Xtf^ + ->r;U^S^ii-> $e»tC0 
3 (d) ir^Tct-pl'. -?-©JiK»ftK3 5*»jsJtT 

fclHCi^nSfc*, CMP (fc^««W#'Jy>^) 30 
&t'Ti3 (e) ©.fcSfc^fflsFfitt^Wft-r*. 

[0 0 5 1] ^LT@3 (f) \Z^kT&o\Z. TSft$ 
nttftlffltA> h'iWiA 3 6 &8A 0 

03 (g) ic^-r=t^(c #?lk«3 2-e#$iu 

$^l3S«_h('JSofc^7LKg3 2©-g&£X-y5P>^ 

-r-sxt. ^®cDxtf^+->^;ps i (cte-rx^T^-r* 

i5, *flJ&S i««3 l^WmUfc^(C#JLK«3 2* 
3^*^tC7^-r^> hf-S^tT. RlfMWiiBtC^A 40 
[0 0 5 2] dtlC*f LT^Jx.«^5fc«. SIMOXC 

xe^ + ->r^S iT;1#f£T#.5. Xtf^ + S'-Wl' 



[0 0 5 3] mm&l 2 ] SlSSM 1 TttIA 0 &fc>i+l!ij© 

^ i omfe&mmz. mvi<Dmmi^mm.^mizmt-^>m 
a». cinet^KSB i <Dm&8,&mzmvt<D*m#.mm& 

ffl\z^?z>msb&?f.m{tm$:, i2 0«Mfti:so 

[0 0 5 4] *Sej6M»C«tS«ift*ffi*H4*fflfr>TK 
Wt2>. 

[0 0 5 5] 04 (a) \Z!&Q &t>H:1iiie>m 1 om&Mk 
*{*:£^-r. AMPi7^XA4 lfc«<fcJK4 2&JE*J«Ljfc 
7* KXi74 3^^TK7'fX7f>y' (04 

(b) , (c) ) L, lCDTjiftiR^tra^Xt; 
^ + ytATS I8ttl4 3*4«b (04 (d) ) . 

i&mmm&M.-? (04 ( e > > . 

[0 0 5 6] —73, ^2W#afil#tLT, AMU* "7 
XA4 4±l;MBS i!4 5i> $e(c^-c7)±{cxe 
^*yt^S i S14H4 6^«BUT*3<<, 

[0057] ^1:, in^ii0f»iaftt«2©# 

«S«S#:i:*ftS0*fc-a: (04 (f) , (g) ) . 
tC#7L»S i 14 5T?»ilTiS?fc*nJlS i £X-y 
^>^T?H**L. X(iA'J^7lA4 4WJ, Rfc* 
LfcO^K^JLHS i J14 5£|&2cL-0?TiI<7>SO I £ 
04 (h) CD#£ig£f#£, 

[0058] [i^jffi^j 3 ] i&mmssn 1 
©m i (»m%iik¥mit&&<D-®.&m 2 

So 

[0 0 5 9] 05 (a) l^n^l:, HAO Si^b-fr-Sml 
©fgltf^XAS ltrfc^T. Msb&frMltmizffi^-? 

Kfosoisso^BJc^rfetrai;-!?**. *h*6«t? 

3tC7KmffiA5 3^froT*5<. ¥»#««fC*5ft£& 

&»«<t>«® «t 0 mfetDmz <r>\m\zBj$.-? 3 z\t.ifi-Q 

[0 0 6 0] &K|y£0*i^^;tCD£H$»:fr£T> 
05 (b) , (c) <DJ:5l:-Hil:^-f:»flltsnTH 
SS i 0 2 H5 2\zMLy* h-?XP5 4Jffll-)TIy 

^>y&fr<^ s i o 2 <n&$ELu^ffim<Dmm&ft 

0, 05 (d) CDJ:^»C7* M/y7> h 5 4^ilt 
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(e) Oi^ftHf^ + i/til'S \W$L5 A&MtflCr 
3- tLX. 05 (f) (D£oiZ. a^W«*ffoT« 

ffi¥-iB&&m&Lfc'<k. 05 (g) <D<k?\zm2<D'yx. 

A5 5 £ft!i9;&fri±-5. 

[0 0 6 1] W0*t>#/t:ftfi. ^»BfS£®«l83Wi6S 
nT^-5M«5 3(C*tL« 05 (h) K^Tx?!::. * 

[0 0 6 2] *mMMlZ&\,*TWli<0$ > t>-&ffi<Dm 1 CD 

m^na^ soiroT/Hx^oMftttit, 

HX&tCtt, SO I ©xA-f **fpoatrffittJB*0J« 

•5. 20 

[0 0 6 3] £©«fc-5fcUTfPJBL;fcS6 I ««{C*fU 
xA'-f X£f£9 j&trPgcD^X ? 7 7-f * > h^-tttco 

[0 0 6 4] CO*ii*B6S«HTRWr5. 

[0 0 6 5] 06 (a) C*tJ:5i:. MWzS i -7X 
A 6 1 \zmitWk 6 2 £«Jf U ^t' S i 0 2 BKtlgl 6 2 
©— ffifc|HIflg*6 3£»W. £<=>tC0 6 (b) 0>«fc5fc: 

30 

[0 0 6 6] 3fJt©SO IfltiftSf***:*©! 

H*«fc». R5D*fc>1i-£Bi*¥fifl:U 0 6 (c) <D 
«k5K»2OiS6 4iW0»btT)l»5. TK^ffiXS 
6 5*fi1-5A^f^ >^7*£fr?i:. 06 (d) 

[0067] mmm4] ^mmi, 2, 3ic*»v»t, 

acet) #4D5«)T. MFacet^Milf 

0. 7o-tiXIg#«*tK&*. *HJg0tjT 40 

m.-r^mz-z> ^tbst*. 

[0 0 6 8] 07 ti#»^J©§?^lS£^T0T?& 
•5. 

[0 0 6 9] 07 (a) (C^-TJ;otC^l(D^X/N7 1 
t'^TLKS i!7 2^MLm 0 7 (b) tC^-Tct 
i JB7 3 £xfcr**->-Wl,j£g$-t2:.5 0 CCOt# 
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SEMICONDUCTOR DEVICE USING THE METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To form semiconductor 
regions between plural insulating regions, in an SOI 
substrate formed by a sticking method. 

SOLUTION: This method is provided with a process 
for preparing a first member having the plural 
insulating regions 17 and the plural semiconductor 
regions 12 formed between the plural insulating 
regions, a process for sticking the first member to 
a second member 14 as semiconductor base 
material in such a manner that a structure body in 
which the plural insulating regions and the plural 
semiconductor regions are positioned inside is 
obtained, and a process for transferring the plural 
insulating regions and the plural semiconductor 
regions to the second member 14 side. 
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[ Claims ] 
[Claim 1] 

A method of manufacturing a semiconductor member 
comprising: 

a step for preparing a first member having a 
plurality of insulating regions and a plurality of 
semiconductor regions formed between said plurality of 
insulating regions; 

a step for bonding said first member to a second 
member, which is a semiconductor base, so as to obtain 
a multi- layer structure wherein said plurality of 
insulating regions and said plurality of semiconductor 
regions are located therein; and 

a step for moving said plurality of insulating 
regions and said plurality of semiconductor regions to 
said second member side. 
[Claim 2] 

A method of manufacturing a semiconductor member 
comprising: 

a step for preparing a first member having a 
plurality of insulating regions and a plurality of 
semiconductor regions formed between said plurality of 
insulating regions, on a semiconductor base or on a 
semiconductor layer of a semiconductor base having said 
semiconductor layer; 

a step for bonding said first member to a second 
member, which is a semiconductor base, so as to obtain 
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a multi- layer structure wherein said plurality of 
insulating regions and said plurality of semiconductor 
regions are located therein; and 

a step for moving said plurality of insulating 
5 regions, said plurality of semiconductor regions, and 
said semiconductor layer or a part of said 
semiconductor base to said second member side. 
[Claim 3] 

The method of manufacturing a semiconductor member 
10 according to claim 1, wherein said moving step is 

conducted by isolating with an isolating layer formed 
under a plurality of insulating regions and a plurality 
of semiconductor regions of said first member. 
[Claim 4] 

15 The method of manufacturing a semiconductor member 

according to claim 2, wherein said moving step is 
conducted by isolating with an isolating layer formed 
in the semiconductor base of said first member, or 
under said semiconductor layer of said base. 

20 [Claim 5] 

A method of manufacturing a semiconductor member 

comprising: 

a step for preparing a first member having a 
plurality of insulating regions and a plurality of 
25 semiconductor regions formed between said plurality of 
insulating regions; 
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a step for preparing a second member having a 
semiconductor layer; 

a step for bonding said first member to a second 
member so as to obtain a multi- layer structure wherein 
5 said plurality of insulating regions and said plurality 
of semiconductor regions of said first member, and said 
semiconductor layer of said second member are located 
therein; and 

a step for moving said semiconductor layer to said 
10 first member side. 
[Claim 6] 

A method of manufacturing a semiconductor member 
comprising: 

a step for preparing a first member having a 
15 plurality of insulating regions and a plurality of 

semiconductor regions formed between said plurality of 
insulating regions; 

a step for bonding said first member to a second 
member, which is a semiconductor base, so as to obtain 
20 a multi-layer structure wherein said plurality of 

insulating regions and said plurality of semiconductor 
regions of said first member are located therein; and 

a step for moving a part of the semiconductor base 
of said second member to said first member side. 
25 [Claim 7] 

The method of manufacturing a semiconductor member 
according to claim 5, wherein said moving step is 
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conducted by Isolating with an isolating layer formed 
under said semiconductor layer of said second member. 
[Claim 8] 

The method of manufacturing a semiconductor member 
5 according to claim 2 or claim 5 characterized in that 
said semiconductor layer is formed by epitaxial growth. 
[Claim 9] 

The method of manufacturing a semiconductor member 
according to claim 6, wherein said moving step is 
10 conducted by isolating with an isolating layer formed 
in the semiconductor base of said second member. 
[Claim 10] 

The method of manufacturing a semiconductor member 
according to any of claims 1 to 9 characterized in that 

15 said plurality of insulating regions and said plurality 
of semiconductor regions are formed by forming an 
insulating layer on the semiconductor surface, opening 
said insulating layer, and then depositing said 
semiconductor regions in the openings . 

20 [Claim 11] 

The method of manufacturing a semiconductor member 
according to any of claims 1 to 9 characterized in that 
said plurality of insulating regions and said plurality 
of semiconductor regions are formed by selectively 

25 forming insulating regions on a semiconductor base or a 
semiconductor layer. 
[Claim 12] 
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A semiconductor member manufactured using a 
manufacturing method according to any of claims 1 to 11. 
[Claim 13] 

A semiconductor device using a semiconductor 
member manufactured using a manufacturing method 
according to any of claims 2, 4, 5 and 6 to 11. wherein 

at least a part of a semiconductor circuit is 
formed on a region in said semiconductor layer or a 
region in a part of said semiconductor base located 
immediately above said semiconductor regions. 
[Claim 14] 

The semiconductor device according to claim 13 
characterized in that said semiconductor circuit is a 
protective circuit against over- volt age or over- current 
from an external source. 
[Claim 15] 

The semiconductor device according to claim 13 
characterized in that said semiconductor circuit is a 
protective circuit against over-voltage or over-current 
from an external source, and the channel region of a 
field effect transistor. 
[Claim 16] 

The semiconductor device according to claim 13 
characterized in that said semiconductor circuit is a 
protective circuit against over-voltage or over-current 
from an external source, and a high voltage resistant 
semiconductor element . 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a method of 
manufacturing a semiconductor member, and a 
semiconductor member and a semiconductor device 
manufactured using such a method; and more specifically 
to a method of manufacturing an SOI substrate having a 
semiconductor layer on the surface of a semiconductor 
through an insulating layer, and a semiconductor member 
and a semiconductor device manufactured using such a 
method . 
[0002] 
[Prior Art] 

An SOI (semiconductor on insulator) substrate has 
a structure wherein an underlying semiconductor 
substrate is isolated from the active layer of a 
semiconductor such as Si that forms an element through 
an insulating layer such as an oxide film. Figure 10 
is a sectional view showing the structure an SOI 
substrate. In Figure 10, reference numeral 101 denotes 
a semiconductor substrate, 102 denotes an insulating 
layer, and 103 denotes an active layer of a 
semiconductor . 
[0003] 
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Figure 11 is a sectional view showing an MOS 
transistor formed on an SOI substrate. Compared with 
an MOS transistor formed on a bulk substrate, the 
source-drain (S-D) bottom of the MOS transistor 104 
contacts with an insulating layer 102, lowers the 
parasitic capacitance such as the capacitance of the 
diffusion layer, and can realize increase in the speed 
and low-power- consumption driving of semiconductor 
devices. Furthermore, since each element is isolated 
by the insulating layer 102, the effect of noise 
reduction can be realized. 
[0004] 

[Problems to be Solved by the Invention] 

However, due to the presence of the insulating 
layer, excessive carriers produced in the high electric 
field in the vicinity of the drain are trapped and 
accumulated in the bottom of the MOS channel causing 
the "kink phenomenon" and the "parasitic bipolar 
effect" peculiar to MOS transistors on an SOI substrate, 
and the properties of the element are deteriorated. 
Furthermore, when a protective circuit for ESD 
(electrostatic discharge) is considered, excessive 
charge produced by surge as in the bulk substrate 
cannot be moved into the underlying substrate side due 
to the presence of the insulating layer, and it is 
difficult to form an effective protective circuit. As 
a result, there was a problem that the area of the 
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protective circuit of elements formed on an SOI 
substrate became much larger compared to that of the 
bulk substrate, causing undesirable layout constitution 
for downsizing. 
5 [0005] 

[Means for Solving the Problems] 

A method of manufacturing a semiconductor member 
of the present invention has a step for preparing a 
first member having a plurality of insulating regions 
10 and a plurality of semiconductor regions formed between 
the plurality of insulating regions; a step for bonding 
the first member to a second member, which is a 
semiconductor base, so as to obtain a multi-layer 
structure wherein the plurality of insulating regions 
15 and the plurality of semiconductor regions are located 
therein; and a step for moving the plurality of 
insulating regions and the plurality of semiconductor 
regions to the second member side. 
[0006] 

20 Another method of manufacturing a semiconductor 

member has a step for preparing a first member having a 
plurality of insulating regions and a plurality of 
semiconductor regions formed between the plurality of 
insulating regions, on a semiconductor base or on a 

25 semiconductor layer of a semiconductor base having the 
semiconductor layer; a step for bonding the first 
member to a second member, which is a semiconductor 



- 8 - 



JPA 2001-320033 



base, so as to obtain a multi- layer structure wherein 
the plurality of insulating regions and the plurality 
of semiconductor regions are located therein; and a 
step for moving the plurality of insulating regions, 
5 the plurality of semiconductor regions, and the 

semiconductor layer or a part of the semiconductor base 

to the second member side. 

[0007] 

Another method of manufacturing a semiconductor 
10 member has a step for preparing a first member having a 
plurality of insulating regions and a plurality of 
semiconductor regions formed between the plurality of 
insulating regions; a step for preparing a second 
member having a semiconductor layer; a step for bonding 

15 the first member to a second member so as to obtain a 
multi- layer structure wherein the plurality of 
insulating regions and the plurality of semiconductor 
regions of the first member, and the semiconductor 
layer of the second member are located therein; and a 

20 step for moving the semiconductor layer to the first 
member side. 
[0008] 

Another method of manufacturing a semiconductor 
member has a step for preparing a first member having a 
25 plurality of insulating regions and a plurality of 

semiconductor regions formed between the plurality of 
insulating regions; a step for bonding the first member 
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to a second member, which is a semiconductor base, so 
as to obtain a multi- layer structure wherein the 
plurality of insulating regions and the plurality of 
semiconductor regions of the first member are located 
5 therein; and a step for moving a part of the 

semiconductor base of the second member to said first 
member side. 
[0009] 

A semiconductor member of the present invention is 
10 manufactured using the manufacturing method of the 
present invention. 
[0010] 

A semiconductor device of the present invention is 
manufactured using the semiconductor member of the 

15 present invention, wherein at least a part of a 

semiconductor circuit is formed on a region in the 
semiconductor layer or a region in a part of the 
semiconductor base located above the semiconductor 
regions . 

20 [0011] 

[Operation] 

The present invention provides a semiconductor 
member wherein a semiconductor island layer 93 that 
links an upper semiconductor layer 94 and an underlying 
25 semiconductor layer (or a semiconductor base) 91 is 

provided between insulating regions 92 such as buried 
oxide films, as Figure 9 shows. 
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[0012] 

Thereby, when an MOS transistor and a protective 
circuit against ESD are formed as Figure 8 shows, the 
elements can be formed so that the semiconductor island 
5 region comes immediately under the channel region of 
the MOS or immediately under the protective circuit. 
[0013] 

As a result, firstly, excessive carriers produced 
in the high electric field of the drain gather in the 

10 channel bottom of the MOS, from which the excessive 
carriers can escape to the underlying substrate 81 
through the semiconductor island. Therefore, the 
deterioration of elements peculiar to MOS transistors 
on the SOI. such as the occurrence of kink current and 

15 the parasitic bipolar effect caused by the accumulation 
of carriers in the channel bottom can be inhibited. 
[0014] 

Secondly, a protective diode against ESD can be 
formed vertically as for the bulk substrate. The 

20 excessive charge produced by static electricity can be 
dissipated into the underlying substrate through the 
semiconductor island region between buried oxide films 
82. Therefore, the bulk protective circuit can be used 
as it is . 

25 [0015] 

[Embodiments of the Invention] 



- 11 - 



JPA 2001-320033 



The embodiments of the present invention will be 
described in detail below referring to the drawings. 
[0016] 

Figure 1 is sectional views showing the steps of a 
method of manufacturing an SOI substrate of the present 
invention. 
[0017] 

First, as Figure 1(a) shows, a semiconductor layer 
16 such as an Si layer corresponding to the active 
layer of the SOI is formed on the isolating layer 15 of 
the underlying substrate 13, whereon a silicon oxide 
film 17 corresponding to an insulating film is 
laminated to fabricate a substrate before bonding two 
substrates , 
[0018] 

The Si layer, which is an active layer of the SOI 
substrate may be made of Si formed by epitaxial growth, 
or may be a part of an Si wafer formed by the CZ method 
or the like. It is not limited to a bonding type using 
an isolating layer such as porous silicon, but may be a 
bonding type wherein wafers are bonded through an 
isolating layer such as an oxide film without using an 
isolating layer such as porous silicon. 
[0019] 

Methods for forming a member that has a 
semiconductor layer on a semiconductor base through an 
isolating layer can be broadly divided into two. One 
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is a method wherein after forming a porous layer on a 
semiconductor base, a non-porous layer is formed on the 
surface thereof. The non-porous layer can be formed by 
epitaxial growth on a porous layer, or by the heat 
treatment of the surface of a porous layer in a 
hydrogen -containing atmosphere. The other is a method 
wherein heterogeneous elements, such as hydrogen ions, 
rare gas ions and nitrogen ions, are implanted into a 
semiconductor base to form a layer containing 
micropores, or a layer containing latent micropores 
that can form micropores by later heat treatment in a 
location of a predetermined depth from the surface of 
the semiconductor base. 
[0020] 

Next, as Figure 1(b) shows, dry etching is 
performed using a photo -mask 11. and as Figure 1(c) 
shows, a desired region 18 whose semiconductor surface 
containing no Si0 2 is exposed is prepared. 
[0021] 

Next, as Figure 1(d) shows, after removing the 
photo-mask 11, the desired region 18 whose 
semiconductor surface is exposed is subjected to 
selective epitaxial treatment to form an epitaxial Si 
layer 12 as Figure 1(e) shows. The selective epitaxial 
treatment obtains selectivity by using, for example, 
silane-based gas in a CVD method, and making the growth 
temperature as high as 1,000°C or higher. Specifically, 
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in the CVD method, lamination is performed at 1.100°C, 
under a normal pressure for 30 seconds using 150 
(1/min) of H 2 gas, 400 seem of HC1 gas, and 36.2 
(g/min) of trichlorosilane SiHCl (liquid). 
5 Alternatively, a gas source molecular beam growth 
method may be used for lamination using disilane 
(Si 2 H 6 ) or SIH 4 as the material gas to grow the laminate 
under a molecular beam region vacuum. Furthermore, an 
SiH 2 Cl 2 /H 2 system can be used for selective growth. 
10 [0022] 

Thus, an Si region 12 can be selectively formed in 
the layer corresponding to the oxide film (insulating 
layer) of the SOI substrate. 
[0023] 

15 Since the Si region 12 grown by such a selective 

epitaxial treatment has a pyramid shape, a facet, which 
has poor surface alignment with the Si0 2 layer, appears 
immediately after forming as Figure 1(e) shows. 
Therefore, it is required that selective polishing is 

20 performed before bonding to the other substrate to 
improve surface alignment as shown in Figure 1(f). 
[0024] 

Various methods for selective polishing have been 
proposed, such as polishing using an oxide film as the 
25 stopper; as polishing using a "nitride film", which has 
higher strength than the oxide film as the stopper, or 
CMP (chemical mechanical polishing). Using these 
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methods, the flatness of the surface of the oxide film 
including the Si region 12, which is the surface of the 
substrate 13, is secured. Thus, the silicon oxide film 
17 that becomes a plurality of insulating regions, and 
5 the Si region 12 that becomes a plurality of 
semiconductor region can be formed. 
[0025] 

Thereafter, as Figure 1(g) shows, the planarized 
surface of the substrate 13 is bonded to the substrate 

10 surface or the other substrate 14 such as a wafer to 

form a multi-layer structure, the multi-layer structure 
is further isolated by the isolating layer, and the 
semiconductor layer and the silicon oxide layer 17 are 
moved to the substrate 14 side to fabricate an SOI 

15 substrate as Figure 1(h) shows. 
[0026] 

Methods of isolation by the isolating layer are 
broadly divided into two. One is a method wherein 
energy for isolation is produced in the multi- layer 

20 structure by externally heating the multi-layer 

structure, or by radiating light to the multi-layer 
structure to let it absorb the light. Specifically, 
when a layer containing micropores, or a layer 
containing latent micropores formed by implanting 

25 hydrogen ions, rare gas ions or nitrogen ions into a 
predetermined depth of the first wafer receives heat 
energy, the number of micropores increases and the 
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10 



density decreases. Thereby, the peeling phenomenon of 
the multi-layer structure occurs in the layer. This is 
a method for producing energy for isolation in the 
multi-layer structure. Alternatively, a method, 
wherein the isolating layer and/or the vicinity thereof 
is externally oxidized by heating, and the stress by 
the growth of the oxide film is utilized to isolation, 
may be used. 
[0027] 

The other is a method for externally and directly 
supplying energy required for isolation to the multi- 
layer structure. Specifically, the methods include a 
method wherein a wedge is inserted in the side of the 
multi-layer structure for peeling; a method wherein a 
15 fluid consisting of a liquid and/or a gas is blown onto 
the side of the multi-layer structure for peeling; a 
method wherein stresses of opposite directions to each 
other are supplied to the front face and the back face 
of the multi- layer structure, respectively, for 
20 peeling; a method wherein a pushing pressures of 

opposite directions to each other are supplied to the 
front face and the back face of the multi -layer 
structure, respectively, to break down the isolating 
layer for peeling; a method wherein a shearing force is 
25 applied to the side of the multi-layer structure to 
break down the isolating layer for peeling; a method 
wherein an inside cutter blade or a wire saw is used 
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for slicing; and ultrasonic oscillation is supplied for 
breaking down the isolating layer. Although the liquid 
or the gas to be blown is not specifically limited, 
water or nitrogen gas is normally used. Of course, the 
above -described methods may be used in combination. 
[0028] 

When an MOS transistor or a protective circuit is 
formed on thus fabricated SOI substrate, the alignment 
of the mask can be performed, for example, by radiating 
infrared beams under the substrate, and monitoring the 
infrared beams using an IR camera on the substrate to 
identify the distribution of Si0 2 and Si in the oxide 
film. Thereby the Si regions 12 can be located 
immediately under the channel region of the MOS 
transistor or the protective diode against ESD. 
[0029] 

In this embodiment, although an example is shown 
wherein an isolating layer 15, a semiconductor layer 16, 
and semiconductor regions 12 are formed on a substrate; 
and the semiconductor layer 16 and the semiconductor 
regions 12 are moved to the other substrate; as Figure 
4 shows the semiconductor regions may be formed on a 
substrate, the isolating layer and the semiconductor 
layer may be formed on the other substrate; and the 
semiconductor layer may be moved to the first substrate. 
[0030] 
[Examples ] 
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The examples of the present invention will be 
described below referring to the drawings. 
[0031] 
Example 1 

Example 1 is an example of executing the present 
invention using a method wherein a porous layer is 
formed on a first single -crystal semiconductor base, a 
non-porous layer is formed on the surface thereof, and 
the first single-crystal semiconductor base is bonded 
to a second single -crystal semiconductor base; and then 
the porous layer is isolated with an isolating layer to 
move the non-porous layer to the second single -crystal 
semiconductor base . 
[0032] 

Prior to the description of this example, the 
methods used in this example will be described 
referring to Figures 2(a) to 2(f). 
[0033] 

First, as Figure 2(a) shows, a porous Si layer 21 
is formed on a first bulk wafer 20, whereon an 
epitaxial Si layer 22, which becomes an active layer, 
is grown. Then, as Figure 2(b) shows, after forming a 
silicon oxide film 24 by thermal oxidation, it is 
combined to a handle wafer 23 shown in Figure 2(c) to 
fabricate a multi-layer structure shown in Figure 2(d). 
Furthermore, isolation is performed in the porous layer, 
the interface between the porous layer and the wafer 20. 
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or the interface between the porous layer and the 
semiconductor layer 22. At this time, the silicon 
oxide film 24 and an epitaxial Si layer 22 are moved to 
the handle wafer 23 side. If a part of the isolated 
5 porous layer is left on the epitaxial Si layer 22 as 
Figure 2(e) shows, it is removed by polishing or 
etching to obtain an SOI substrate as Figure 2(f) shows. 
[0034] 

The porous Si layer can be modified so as not to 
10 be deteriorated by the heat- treatment temperature, to 
elevate the bonding annealing temperature until a 
sufficient bonding strength can be got, and to prevent 
peeling at the bonding surface, by oxidation treatment 
prior to the growth of the epitaxial layer, and further 
15 by hydrogen treatment to remove the oxide film on the 
layer surface . 
[0035] 

The porous Si can be etched selectively to the 
epitaxial Si layer using a solution of HF + H 2 0 2 . 
20 [0036] 

Although the above method is described in detail, 
for example, in Japanese Patent Application Laid-Open 
No. 5-21338/1993, a method for obtaining a 
semiconductor base by making a P-type base 20 porous, 
25 and epitaxially growing a single-crystal layer will be 
described here in further detail referring to Figures 
2(a) to 2(f). 
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[0037] 

First, as Figure 2(a) shows, a P-type Si s ingle - 
crystal base 20 is prepared, and a part thereof is made 
porous to form a porous Si layer 21. 
[0038] 

Next, as Figure 2(b) shows, the surface of the 
porous base is subjected to epitaxial growth using the 
above -described crystal growing method that enables 
low- temperature growth, to form a thin film single- 
crystal layer 22. The P-type Si single -crystal base 20 
is made porous by the anodizing method using an HF 
solution. The density of the porous Si layer 21 can be 
varied within a range between 1.1 and 0.6 g/cm 3 , 
compared with the density of single crystal Si of 2.33 
g/cm 3 , by varying the concentration of the HF solution 
from 50 to 20%. Furthermore, an oxide layer 24 is 
formed thereon. 
[0039] 

Then, as Figure 2(c) shows, another Si base 23 is 
prepared, and the Si base 23 is bonded to the porous Si 
base 21 shown in Figure 2(b) whereon a single -crystal 
Si layer 22 and the oxide layer 24 are formed, to 
fabricate a multi-layer structure as Figure 2(d) shows. 
[0040] 

Thereafter, as Figure 2(e) shows, the porous Si 
layer 21 is totally etched off, or the porous Si layer 
21 remaining after splitting the porous Si layer 21 is 
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etched off, leaving a thinned single-crystal Si layer 
22 on the Si0 2 layer 24. Here, since the porous 
semiconductor layer is etched off without performing 
oxidation treatment to the porous semiconductor layer, 
the expansion of the porous semiconductor layer due to 
oxidation can be prevented, and the effect of strain of 
the epitaxially grown single-crystal layer can be 
prevented. According to this method, a planarized 
single-crystal Si layer 22, having the similar 
crystallinity as a silicon wafer can be evenly thinned 
on the oxide Si layer 24 which is an insulator, and 
formed on the entire surface of the wafer in a large 
area. Thus obtained semiconductor base can be 
preferably used in the aspect of the fabrication of 
insulated and isolated electronic elements. 
[0041] 

In order to form a thin film semiconductor device 
on the semiconductor single -crystal layer, the 
thickness of the non-porous semiconductor single- 
crystal layer formed on the porous semiconductor base 
is preferably 50 um or less, more preferably 20 \un or 
less . 
[0042] 

The non-porous semiconductor single-crystal is 
bonded to the base having an insulator material surface 
preferably in an atmosphere of nitrogen, an inert gas, 
or the mixture thereof, or in an atmosphere containing 
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an inert gas or nitrogen, and further preferably in a 

heated state. 

[0043] 

The etchants that selectively etch the porous 
semiconductor base leaving a bonded non-porous 
semiconductor single -crystal layer on the base having 
an insulator material surface include, for example, an 
aqueous solution of sodium hydroxide, an aqueous 
solution of potassium hydroxide, and a hydrofluoric 
acid-nitric acid-acetic acid mixed solution. 
[0044] 

What is described is a method for moving a non- 
porous layer to the other substrate by isolating the 
porous layer with an isolating layer used in this 
example. Now, a method for fabricating an SOI 
substrate of this example using the above method will 
be described referring to Figures 1(a) to 1(h). 
[0045] 

First, as Figure 1(a) shows, a porous Si layer 15 
is formed on a first bulk wafer 13, whereon an 
epitaxial Si layer 16 to be an active layer is grown, 
and a silicon oxide film 17 is formed by thermal 
oxidation in the same manner as described using Figure 
2. 

[0046] 

Next, in the same manner as used in the above - 
described embodiment, dry etching is performed to SiQ 2 
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10 



formed evenly on the entire surface using a photo-mask 
11 as Figure 1(b) shows. The size of the photo -mask is 
preferably at largest the same as the size of the 
channel region of the MOS transistor or the protective 
diode. As Figure 1(c) shows, a desired region 18 
containing no Si0 2 is formed by dry etching; and as 
Figure 1(d) shows, the photo -mask 11 is removed, and 
selective epitaxial growth is performed on the region 
18 to form the epitaxial Si region 12 as Figure 1(e) 
shows. Then, as Figure 1(f) shows, after selective 
polishing is performed to secure surface flatness, the 
porous Si layer 15 is bonded to the handle wafer 14, 
which is the second wafer as Figure 1(g) shows. 
[0047] 

15 Next, as Figure 1(h) shows, the Si bonded with the 

porous Si is polished by a normal method for 
fabricating SOI by bonding, and the porous Si layer is 
also removed by etching to obtain, the SOI structure 
can be obtained. 

20 [0048] 

Although the method shown in the embodiment can be 
used for alignment, the method described below can also 
be used. 
[0049] 

25 m the step for fabricating the SOI substrate, as 

Figure 3(a) shows, a porous layer 32 is first formed on 
a p- substrate 31. Next, as Figure 3(b) shows, in order 
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to form a concave -convex region that becomes the 
reference for mask alignment, a concave region 33 is 
formed in the porous layer 32. 
[0050] 

Next, as Figure 3(c) shows, an Si layer 34 is 
epitaxially grown on the porous layer 32, and as Figure 
3(d) shows, an oxide film 35 is formed thereon. At 
this time, since irregularity corresponding to the 
porous layer appears on the surface oxide layer 35, the 
surface flatness is secured by CMP (chemical mechanical 
polishing) as Figure 3(e) shows. 
[0051] 

Then, as Figure 3(f) shows, when the planarized 
surface of the oxide film is bonded with a handle wafer 
36, isolated with the porous layer 32 as Figure 3(g) 
shows, and a part of the porous layer 32 remaining on 
the substrate is etched, the concave -convex region 33 
that becomes the reference for mask alignment is left 
on the epitaxial Si on the substrate. The porous layer 
32 may be etched off after polishing the unnecessary Si 
region 31. In the following steps, the device can be 
formed in a desired location by the alignment using the 
concave -convex region 33 as reference. 
[0052] 

Whereas conventionally, there has been a method 
for intermittently forming buried oxide films, for 
example by using an SIMOX wafer, using a gate electrode 
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as a mask, and implanting high-energy oxygen. In this 
case, compared to the fact that the Si active layer is 
Si formed by the CZ method, the Si active layer is 
constituted with epitaxial Si in this example. In 
epitaxial Si. a high-quality Si active layer that can 
extremely lower the content of impurity oxygen and 
carbon causing crystal defect, and the properties of 
the semiconductor device formed there can be improved. 
[0053] 
Example 2 

In Example 1, although a buried oxide film having 
intervening island- shaped semiconductor regions and an 
active layer for forming an SOI device therein are 
formed on a first single-crystal base before bonding, 
and the first single-crystal base is bonded with a 
second single -crystal base; a method wherein a buried 
oxide film having intervening island- shaped 
semiconductor regions is formed on a first single- 
crystal base, an active layer for forming an SOI device 
therein is formed on a second single -crystal base, and 
the first single-crystal base is bonded with the second 
single -crystal base, can also be used. 
[0054] 

A manufacturing method according to this example 
will be described referring to Figure 4. 
[0055] 
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Figure 4(a) shows a first single-crystal base 
before bonding. After forming an oxide film 42 on a 
bulk wafer 41, dry etching is performed using a photo- 
mask 43 (Figures 4(b) and 4(c)), an Si active layer 43 
is formed using selective epitaxial growth (Figure 
4(d)) in the same manner as in Example 1, and surface 
polishing is performed (Figure 4(e)). 
[0056] 

On the other hand, as a second single-crystal base, 
a porous Si layer 45 is laminated on a bulk wafer 44, 
and an Si active layer 46 is further laminated thereon 
using epitaxial growth. 
[0057] 

Next the first single-crystal base is bonded with 
the second single-crystal base (Figures 4(f) and 4(g)), 
and finally, these are isolated with a porous Si layer 
45, the remaining porous Si is removed using etching or 
the like, or the bulk wafer 44 is polished and removed 
and the porous Si layer 45 is removed to obtain a 
desired SOI structure as shown in Figure 4(h). 
[0058] 
Example 3 

This example is the case of the implementation of 
the present invention using a method wherein after 
forming an isolating layer in a first single-crystal 
base, and bonding the first single-crystal base to a 
second single-crystal base, they are isolated with an 
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isolating layer to move a part of the first single- 
crystal semiconductor base on the isolating layer to 
the second single-crystal base, A manufacturing method 
according to this example will be described referring 
to Figure 5. 
[0059] 

As Figure 5(a) shows, the step up to forming a 
silicon oxide film 52, which corresponds to a buried 
oxide film, on the surface of the first wafer 51 before 
bonding is the same as in the normal method of forming 
an SOI substrate- In this example, the treatment for 
cutting the substrate region that will become 
unnecessary after bonding is previously performed. For 
example, hydrogen implantation 53 is performed into the 
region 53 to be cut. By implanting hydrogen in the 
semiconductor substrate, a layer containing micropores, 
or a layer containing latent micropores that can 
produce micropores by later heat treatment, can be 
formed in a predetermined depth from the surface of the 
semiconductor substrate, 
[0060] 

Next, in the same manner as used in the embodiment, 
as Figures 5(b) and 5(c) show, the Si0 2 layer 52 evenly 
formed on the entire surface is etched using a photo- 
mask 54 to form a desired region containing no Si0 2 ; 
and as Figure 5(d) shows, the photoresist 54 is removed, 
and selective epitaxial growth is performed there to 
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form an epitaxial Si region 54 as Figure 5(e) shows. 
Then, as Figure 5(f) shows, after performing selective 
polishing to secure surface flatness, and as Figure 
5(g) shows, the silicon oxide film 52 is bonded with 
the second wafer 55. 
[0061] 

After bonding, as Figure 5(h) shows, a treatment 
for removing the unnecessary substrate region is 
performed on the region 53 whereon a predetermined 
treatment has been performed, and the unnecessary 
region is cut. For example, the hydrogen -implanted 
layer can be cut from there by annealing at an adequate 
temperature. 
[0062] 

In this example, although an active layer for 
forming an SOI device therein and a buried oxide film 
are formed on a first single-crystal base before 
bonding, a method wherein only a buried oxide film is 
formed on a first single-crystal base, an active layer 
for forming an SOI device therein is formed on a second 
single-crystal base, and after an island-shaped silicon 
layer is formed in the buried oxide film, the first 
single-crystal base is bonded with the second single- 
crystal base, can also be used. 
[0063] 

For mask alignment when a device is formed in thus 
fabricated SOI substrate, although the method described 
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in the embodiment can be used, the method to be 

described below can also be used. 

[0064] 

The method will be described referring to Figure 6. 
[0065] 

As Figure 6(a) shows, first, an oxide film 62 is 
laminated on an Si wafer 61, next, a concave region 63 
is formed in a part of the Si0 2 oxide film 62. and as 
Figure 6(b) shows, hydrogen is implanted from the above 
to form a hydrogen -implanted region 65. 
[0066] 

Thereafter, steps for obtaining a predetermined 
SOI structure are conducted, the bonded surface is 
planarized. the Si wafer 61 is bonded with a second 
substrate 64 as Figure 6(c) shows, and cutting is 
performed bounding on the hydrogen -implanted layer 65 
to leave a convex alignment reference on the Si active 
layer, as Figure 6(d) shows. 
[0067] 
Example 4 

In Examples 1, 2 and 3, since facets are formed 
when selective epitaxial growth is performed, the 
facets must be selectively polished complicating 
process steps. In this example a method for 
implementing the present invention without using 
selective epitaxial growth will be described. 
[0068] 
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Figure 7 is diagrams showing the manufacturing 
steps of this example. 
[0069] 

As Figure 7(a) shows, after a porous Si layer 72 
is formed on a first wafer 71, as Figure 7(b) shows, an 
Si layer 73 is formed using epitaxial growth. At this 
time, the thickness of the epitaxial Si layer 73 is set 
to (thickness of SOI active layer) + (thickness of 
buried oxide layer) . 
[0070] 

As an example, specifically, lamination is 
performed using the CVD method at 1,100°C, under a 
normal pressure, and at the flow rate of 150 1/min of 
H 2 gas, 400 seem of HC1, and 36.2 g/min of 
trichlorosilane SiHCl (liquid), for 40 seconds. 
[0071] 

Next, as Figure 7(c) shows, a nitride film 74 is 
formed only on the desired region, and thermally 
oxidized. Alternatively, the nitride film 74 is used 
as a mask, and oxygen is implanted from the above. 
[0072] 

Thereby, as Figure 7(d) shows, fragmentary Si0 2 
islands 75 are formed in the epitaxial Si layer 73. 
Then, as Figure 7(e) shows, the surface is planarized 
by CMP. 
[0073] 
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Thereafter, as Figure 7(f) shows, the first wafer 
71 is bonded with a second wafer 76; as Figure 7(g) 
shows, they are divided with a porous Si layer 72 in 
the same manner as in Example 1; as Figure 7(f) shows, 
the remaining a porous Si layer 72 is etched off to 
obtain the structure shown in Figure 7(g). The 
structure shown in Figure 7(h) can also be obtained by 
polishing the first wafer 71 bonded to the porous Si 
layer 72, and also removing the porous Si layer 72 by 
etching . 
[0074] 
Example 5 

An SOI substrate having a thickness of an Si 
active layer of 2,000 angstroms and a thickness of a 
buried oxide film of 2,000 angstroms was fabricated 
using the method described in the embodiment. Using 
this SOI substrate, as Figure 8 shows, an MOS 
transistor was formed so that the channel region would 
be located immediately above the Si island between 
buried oxide films 82, and a protective diode against 
static electricity connected to the gate of the MOS 
transistor was fabricated immediately above the other 
Si island. 
[0075] 

Thereby, the drain current -drain voltage 
characteristics of the MOS transistor were measured. 
[0076] 
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When the source is grounded, the gate voltage was 
3 V constant, and the drain voltage was raised from 0 V 
by 0.1 V, the kink current, which was observed from 3 V 
in a conventional MOS transistor on an SOI, was not 
observed in the MOS transistor on the SOI according to 
this example. 
[0077] 

Since the same protective circuit as used in 
normal bulk wafers could be adopted, the area of a 
protective circuit, which occupied 20% of the total 
area of a conventional SOI chip could be reduced to 5%. 
[0078] 

Examples of a semiconductor device formed 
immediately above the Si island region 93, or a 
predetermined region of the semiconductor device in the 
SOI substrate of the present invention as in Figure 9 
also include high-voltage resistant elements. These 
semiconductor devices or predetermined regions of 
semiconductor devices are not limited to those 
described in the above examples as long as the effect 
by the Si active layer 94 and the underlying Si 
substrate 91 connected by Si 93 can be obtained. 
[0079] 

[Advantages of the Invention] 

According to the present invention, as described 
above, there is provided an SOI substrate having a 
semiconductor that connects an upper semiconductor 
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layer with an underlying semiconductor layer (or a 
semiconductor base) between isolating regions formed by 
a bonding method. 
[0080] 

5 When a field effect transistor such as an MOS 

transistor and a protective circuit against ESD were 
formed, elements were formed so that the semiconductor 
region formed between the above-described isolating 
regions would come immediately under the channel region 
10 or the protective circuit, 
[0081] 

Thereby, excessive carriers could be dissipated 
from the active layer to the underlying substrate side, 
and when the channel of the field effect transistor was 
15 formed so as to come on the conducting region, the 

inhibition of the kink current and the bipolar effect 

could be achieved. 

[0082] 

Also when the protective diode against ESD was 
20 formed so as to come on the conducting region, since 

the protective effect as in a bulk substrate could be 

obtained, the design of the special protective circuit 

for the SOI became unnecessary. 

[Brief Description of the Drawings] 
25 [Figure 1] 



- 33 - 



JPA 2001-320033 



Figure 1 is sectional views showing manufacturing 
steps of a semiconductor member according to Example 1 
of the present invention. 
[Figure 2] 

Figure 2 is sectional views showing basic 
fabricating steps of an SOI substrate with a bonding 
method using a porous layer as an isolating layer. 
[Figure 3] 

Figure 3 is sectional views showing fabricating 
steps of an SOI mask alignment according to Example 1 
of the present invention. 
[Figure 4] 

Figure 4 is sectional views showing manufacturing 
steps of a semiconductor member according to Example 2 
of the present invention. 
[Figure 5] 

Figure 5 is sectional views showing manufacturing 
steps of a semiconductor member according to Example 3 
of the present invention. 
[Figure 6] 

Figure 6 is sectional views showing fabricating 
steps of an SOI mask alignment according to Example 3 
of the present invention. 
[Figure 7] 

Figure 7 is sectional views showing manufacturing 
steps of a semiconductor member according to Example 4 
of the present invention. 
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[Figure 8] 

Figure 8 is a sectional view showing the device 
constitution of an SOI substrate provided by the 
present invention . 
[Figure 9] 

Figure 9 is a sectional view showing the SOI 
structure fabricated using a method provided by the 
present invention . 
[Figure 10] 

Figure 10 is a sectional view showing an SOI 
structure . 
[Figure 11 ] 

Figure 11 is a schematic sectional view showing an 
MOS transistor on an SOI . 
[Description of Symbols] 
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Figure 1(a) 

15 Porous silicon 

Figure 1(b) 

11 Photo -mask 

15 Porous silicon 

Figure 1(c) 

15 Porous silicon 

Figure 1(d) 

15 Porous silicon 

Figure 1(e) 

15 Porous silicon 

Figure 1(f) 

15 Porous silicon 

Figure 1(g) 

15 Porous silicon 

Figure 2(a) 

21 Porous silicon 

Figure 2(b) 

21 Porous silicon 
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#1 Epitaxial growth & oxidation 

Figure 2(c) 

#1 Handle wafer 

Figure 2(d) 
#1 Bonding 

Figure 2(e) 
#1 Polishing 

Figure 2(f) 

#1 Etching 

#2 Hydrogen annealing 

Figure 3(a) 

32 Porous silicon 

Figure 3(b) 

#1 Porous silicon 

Figure 3(c) 

#1 Porous silicon 

Figure 3(d) 

32 Porous silicon 

Figure 3(e) 
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32 Porous silicon 

Figure 3(f) 

32 Porous silicon 

Figure 4(a) 

43 Photo -mask 

Figure 4(f) 

45 Porous silicon 

Figure 4(g) 

45 Porous silicon 

Figure 5(b) 

54 Photo-mask 

Figure 8 

#1 Protective diode 

Figure 7(a) 

72 Porous silicon 

Figure 7(b) 

72 Porous silicon 

Figure 7(c) 



- 38 - 



JPA 2001-320033 

72 Porous silicon 

Figure 7(d) 

72 Porous silicon 

5 

Figure 7(e) 

72 Porous silicon 

Figure 7(f) 
10 72 Porous silicon 
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